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DOCUMENT- IDENTIFIER: US 5202117 A 

TITLE: Method of treating thrombi with G-CSF 

ABPL: 

A thrombus control agent comprising a human granulocyte colony stimulating 
factor (human G-CSF ) as an active ingredient and' a pharmaceutical^ acceptable 
carrier/ a method of treating thrombi by administering the thrombus, control 
agent to a patient bearing thrombi formed in the arterial and venous vessels, 
and use of human G-CSF for preparing the thrombus control agent are disclosed. 

ABPL : 

The inventors found that human G-CSF is useful for treating thrombi and 
developed the use of human G-CSF for this purpose although nobody has clearly 
reported this- type of pharmacological activity of human G-CSF . 

BSPR: 

The present invention relates to a thrombus control agent containing a human 
granulocyte colony stimulating factor (hereinafter abbreviated as "human G-CSF " ) 
as an active ingredient. 

BSPR: 

The present invention aims at treating arterial and venous thrombi by utilizing 
human G-CSF which is one of the humoral factors that enhance the hematopoietic 
capability of the human body, in particular, the fission, proliferation and 
maturation of neutrophiles . None of the scholarly reports published to date have 
disclosures that have direct bearing to the use of human G-CSF as a thrombus 
control agent. 

BSPR: 

Human G-CSF has been known as a humoral hematopoietic factor that acts on 
precursor cells of granulocytes in in vitro experimental systems to promote 
their growth and differentiation into granulocytes [see, for example, Metcalf et 
al., Exp. Hematol., 1, 185 (1973)]. However, because of the extreme difficulty 
so far encountered in obtaining it, studies on the utility or effectiveness of 
human G-CSF as a medicine have not been fully conducted and it has been entirely 
unknown that human G-CSF has the potential to be used in the treatment of 
thrombi, which is the principal object of the present invention. 

BSPR: 

At the same time, the recent advances in technology, in particular, genetic 
engineering have enabled the development of a process by which a pure and 
homogeneous human - G-CSF can be produced in large quantities (see Japanese Patent 
Public Disclosure Nos . 61-227526, 62-236497 and 62-236488). 

BSPR: 

Based on this state of the art, the present inventors undertook studies on the 
possible effects of human G-CSF on vascular endothelial cells which produce PA 
■capable of activating the fibrinolytic system. As a result, the present 
inventors have found that human G-CSF enhances the production of PA which is 
capable of activating the fibrinolytic system and that therefore it can be used 
as a thrombus control agent that has high efficacy and which yet causes limited 
side effects . 
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BSPR: 

(1) Bovine carotid arterial endothelial cells (hereinafter referred to simply as 
"endothelial cells") preincubated in the presence of human G-CSF synthesized and 
secreted about five times as mush PA as when they were preincubated in the 
absence of human G-CSF ; 

BSPR: 

(2) The PA production peaked when G-CSF was added in a concentration of about 50 
ng/ml, which is substantially equal to an optimum concentration for the target 
cells in the hematopoietic system; 

BSPR: 

(3) As regards the promotion of PA synthesis and secretion by endothelial cells 
that were preincubated in the presence of human G-CSF, a significant correlation 
exists between the concentration of G-CSF addition and the period of 
preincubation . 

BSPR: 

(4) When fibrin gel was formed in a Petri dish and vascular endothelial cells 
were cultivated on the gel, PA was secreted in proportion as the cells grew in 
the presence of G-CSF and the plasminogen in the liquid culture was converted to 
plasmin, which lysed the fibrin gel; and 

BSPR: 

(5) When human G-CSF was administered continuously to Rhesus monkey which is 
akin to human and an analysis made on a thromboelastogram of the fresh blood 
taken after 2 weeks, the occurrence of fibrin lysis was observed immediately 
after blood coagulation, and this would probably be due to the activation of the 
fibrinolytic system. 

BSPR: * 

These results suggest the possibility that human G-CSF acts on vascular 
endothelial cells and promotes their PA synthesis and secretion in such a way 
that the plasminogen present in large quantities in, blood is converted to • 
plasmin, with the resulting plasmin selectively lysing the fibrin clots in the 
blood. The present invention has been accomplished on the basis of this 
mechanism and provides a thrombus control agent containing human G-CSF as an 
active ingredient . 

DRPR: • •• 

FIG. 1 is a graph showing the effect of human G-CSF on PA production by bovine 
vascular endothelial cells;, 

DRPR: 

FIG. 2 is a graph showing the corelationship between the time of preincubation 
in the presence of human G-CSF and PA production by bovine endothelial cells; 

DRPR: 

FIGS. 3A and 3B shows the effect' of human G-CSF on the promotion of the 
' fibrinolytic activity of endothelial cells; and 

DRPR: 

FIGS. 4A, 4B, 4C shows the time -dependent changes in the TEG pattern upon 
continued administration of human G-CSF to Rhesus monkey for 13 weeks. 

DEPR:' 

The human G-CSF which is used as the active ingredient of the thrombus control 
agent of the present invention may derive from any origin as long as it has high 
purity. For example, a human G-CSF may be prepared by extracting, separating and 
purifying from a human viable sample. A human G-CSF may be isolated from the 
supernatant of the culture of human G-CSF producing cells. Alternatively, a 
human G-CSF may be recovered from human G-CSF producing hybridomas produced by 
cell fusion. The recombinant gene technology may be utilized in such a way that 
a host such as E. coli or animal cells , is subjected to transformation and a 
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human G-CSF is produced is the trahs.f ormant and isolated and purified therefrom. 
If desired, the amino acid sequence of native human G-CSF may be chemically 
modified to produce a desired human G-CSF . 

DEPR: • . 

Particularly preferred examples of the human G-CSF that may be used in the 
present invention are the following two that have high purity and that can be 
produced in large volume : 

DEPR: 

The human G-CSFs described above may be produced by the methods shown in the 
Referential Examples to be given below. Stated specifically, the human G-CSF 
under (1) can be produced by the method described in Referential Example 1, 
whereas the human G-CSF under (2) can be produced by the method described in 
Referential Example 2 (when m=0, the human G-CSF is conveniently designated 
-VSE, and when m=l, it is designated +VSE) . 

DEPR: 

Another method that can be employed consists of performing fusion of a G-CSF 
producing cell with a self proliferating malignant tumor cell and cultivating the 
resulting hybridoma in the presence or absence of nitrogen. 

DEPR: • 

All of the human G-CSFs that are obtained by. the methods described above are 
included within the scope of the present invention. 

DEPR: 

The- human G-CSF containing solution obtained may be stored frozen after aseptic 
filtration with a suitable filter medium such as a MILLIPORE filter following 
further purification and concentration that may be. performed as required by any 
known techniques. Alternatively, the solution may be stored after being 

dehydrated by such means as freeze -drying or vacuum drying. 

' - v 1 

DEPR : • ( 

If desired, the human G-CSF may be used as an injection after being dissolved in 
distilled water or an appropriate buffer solution. 

DEPR-: / ; * . ' • . • 

The dose of the human G-CSF incorporated in the thrombus control agent of the 
present invention and the frequency of its administration may be determined in 
consideration of the severity of the disease 'to be treated. As guide figures, a 
formation containing human G-CSF in an amount of 0.1-1,000 .mu.g., preferably 
1-500 .mu.g per adult may be administered 1-7 times a week. 

DEPR: ■' . 

It should however be noted that the present invention is by no means limited by 
the content of human G-CSF . 

DEPR: 

The present invention ' is hereunder described in greater detail with reference to 
referential examples (for the preparation of human G-CSF ) , experimental examples 
(for showing the pharmaceutical efficacy of human G 1 CSF ) and examples (of 
pharmaceutical dosage forms) but it should be understood that the present 
invention is by no means limited to these examples. 

DEPR: 

G-CSF producing cell strain CHU-1 derived from human oral cancer cells was 
established by the method described in Example 1 provided in the specification 
of Japanese Patent Public Disclosure No. 61-227526. Similar cell strain CHU-2 
(CNCM Accession Number 1-483) was established by the same method. Each of these 
cell strains was suspended. in a liquid culture RPMI 1640 containing bovine fetal 
serum, transferred into a roller bottle and whirl -cultured . When the cells grew 
to form a confluent layer on the inner surface of the roller bottle, the culture 
solution was replaced by a serum- free RPMI 164 0. After 4 -day culture, the 
supernatant of the culture was recovered and cultivation was continued with a 
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serum- containing RPMI 164 0 being added. After 3 -day culture, the culture 
solution was again replaced by a serum- free RPMI 164 0 and the supernatant of the 
culture was recovered 4 days later. By repeating these procedures, the 
supernatant of the culture was recovered. The so obtained serum- free supernatant 
of the culture was concentrated about 1,000 times by ultrafiltration and 
subsequently subjected to purification and assay by the same procedures as 
described in the examples, provided in the specification of Japanese Public 
Disclosure No. 61-227526. 

DEPR: 

A cDNA fragment harboring a human G-CSF gene that had been cut from Escherichia 
coli (E. coli) stain 1766 deposited by the assignee with the Fermentation 
Research Institute, the Agency of Science and Technology (FERM BP-955 for -VSE 
and FERM BP-954. for +VSE) was incorporated into a vector pkKCR to construct a 
plasmid pHGV2 (in the case of -VSE) or pHGG4 (in the case of +VSE) . The plasmids 
were treated with Sail and subsequently reacted with a DNA polymerase Klenow 
fragment. 

DEPR: 

As a result of further cloning procedures, it was confirmed that human G-CSF had 
been produced in an amount of at least 10 mg/1 (in the cases of -VSE) or at 
least 1 mg/1 (in the case of +VSE) . 

DEPR: 

Purification of human G-CSF and assaying of its activity were conducted by the 
procedures described in the examples provided in the specification of Japanese 
Patent Public Disclosure No. 62-236488. 

DEPR: 

Vascular endothelial cells collected from bovine carotid artery were dispersed 
in Eagle's minimum essential medium containing 20% bovine fetal serum, 50 
unit/ml of penicillin and 50 .mu.g/ml of streptomycin arid the first-generation 
cultivation was conducted in a Petri dish at 3 7. degree. C. in a 95% air+5% 
CO. sub. 2 atmosphere. After a confluent layer formed on the bottom of the Petri 
dish, the cells were dispersed in a 0.05% trypsin solution and subcultured. In 
the next place, serial cultivation was conducted under the same conditions as in 
the first-generation cultivation except that the concentration of bovine fetal 
serum was changed to 10%. The resulting large volume of cells were cultivated 
for 2 days in a Petri dish using the already described Eagle's minimum essential 
medium containing 10% bovine fetal serum in the presence of the G-CSF prepared 
in Referential Example 2*, with its concentration being varied from 0 to 300 
ng/ml. Thereafter, the cells were washed with a medium containing neither G-CSF 
nor serum and further cultivated in a similar medium for 8 hours to prepare a 
conditioned medium. The activity of PA secreted in this conditioned medium was 
assayed by a coupled fluorometric method. In the first step, plasminogen was 
activated to plasmin by PA, and in the second step, the activity of the 
resulting plasmin was measured using 

t -buty loxycarbonyl -L - valyl -L- leucyl - lys ine - 4 -me thylcoumaryl - 7 - amide 
(BOC-Val-Leu-Lys-MCA) as a synthetic substrate. PA activity was expressed in 
terms of urokinase international unit (I.U.) . " 

DEPR: 

As will be clear from FIG. 1, the PA activity increased dramatically with the 
increasing addition of G-CSF and reached a plateau at a concentration of 50 
ng/ml. As FIG. 2 shows, PA production increased with the lapse of preincubation 
time and substantially reached a maximum in 12 hours. The activity increase was 
five times as great as that of the control group. These results show that G-CSF 
acts on vascular endothelial cells to promote their PA production by a marked 
degree . 

DEPR: 

In order to confirm that PA production increased not only extracellularly but 
also intracellularly , the following experiment was also conducted. After 2 -day 
cultivation in the presence of G-CSF, the cells were washed and one half of them 
was homogenized with 0.5% Triton X-100 and the cellular extract obtained was 
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assayed for its intracellular PA activity. The other half of the* cells was 
cultivated for 8 hours in the manner already described and the resulting culture 
was assayed for the activity of extracellular PA secretion. The results are 
shown in Table 1 below, form which one can see that the intracellular activity 
of PA increased as much as the extracellular activity. When a protein synthesis 
inhibitor cyclohexamide was added to the medium during the 2 -day cultivation, 
both intracellular and extracellular PA production was completely inhibited in 
the subsequent period of cultivation for 8 hours. 

DEPR: 

These facts show that the PA production by vascular endothelial cells was 
appreciably enhanced by adding G-CSF to the medium. 

DEPR: 

A hundred microliters of thrombin (5 .mu./ml) was added to 2.4 ml of a 
fibrinogen solution (13.5 mg/ml) in a culture dish and incubation was performed 
at 37. degree. C. for 3 hours to form a fibrin gel. On the gel, bovine carotid 
arterial endothelial cells were grown in Eagle's minimum essential medium 
containing 10% bovine fetal serum, penicillin (50 .mu./ml) and streptomycin (50 
.mu.g/ml) in the presence of 500 ng/ml of the G-CSF obtained in Referential 
Example 2 . An untreated control group was also cultivated under the same 
conditions. After 43 hours of the cultivation, a small lysis zone was observed 
in the control group as shown in FIG. 3 and this reflects nominal secretion of 
PA from the cells in the control group. A larger and more distinct lysis zone 
was observed in the cells of the treated group. G-CSF stimulated these cells to 
synthesize and secrete more PA, with consequent activation of the plasminogen in 
the culture to produce plasmin which lysed the fibrin gel . 

DEPR: 

These results show that human G-CSF acts on vascular endothelial cells to 
promote PA synthesis and secretion, with the secreted PA activating the 
surrounding plasminogen to produce plasmin, which then lyses fibrin which is the 
major component of thrombus. 

DEPR : 

The foregoing data establishes that human G-CSF stimulates vascular endothelial 
cells to promote PA release, thereby enhancing the fibrinolytic, activity of 
these cells . 

DEPR : 

After human G-CSF was administered continuously to Rhesus monkey, a peripheral 
blood sample was taken and its fibronlytic activity was assayed with a 
thromboelastgraph (TEG) using a clot tracker Model TE-400 (Elmer). The result is 
shown in FIG. 4a, form which one can see that in the control group, the 
amplitude of a TEG pattern increased when coagulation started and the maximum 
amplitude (MA) of the pattern decreased gradually as fibrinolytic activity 
developed at a later time. In contrast, with the animals given subcutaneous 
injection of human G-CSF in an amount of 1 .mu.g/kg, a marked enhancement of 
fibrinolytic activity occurred in the TEG pattern as early as 2 weeks after the 
injection, (see FIG. 4b; also see Reference 1, "JISSEN SHIKETSU GYOKOGAKU", ed. 
by M. Fujimaki et al . , pp. 189-191), revealing the decrease in the elasticity of 
coagulation clot and fibrin clot in the proceeds of blood coagulation. As FIG. 
4c shows, the enhancement of fibrinolytic activity was more marked in the 
animals given continued administration of human G-CSF in an amount of 10 .mu. 
g/kg [see Reference 2, "Analysis of Clot Tracer Patterns" in KISO TO RINSHO vol. 
12, No. 6, June (197 8) , pp. 76-78] . As Reference 2 shows, when urokinase is 
added to a coagulated sample of normal human blood, lysis occurs to produce a 
single-lined pattern. A tendency which was entirely identical to this 
thromboelastogram was observed in almost all cases of human G-CSF 
administration. 

DEPR: 

The above results show that human G-CSF was capable of achieving not only in 
vitro but also in vivo enhancement of fibrinolytic activity. In summary: 
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DEPR: 

(1) vascular endothelial cells preincubated in the presence of human G-CSF 
synthesized and secreted about 5 times as much PA as when they were preincubated 
in the absence of human G-CSF ; 

DEPR: 

(2) when human G-CSF and vascular endothelial cells were cultured on a fibrin 
gel, the synthesis and secretion of PA by the endothelial cells were promoted, 
with subsequent activation of the concomitant plasminogen to plasmin, which 
lysed the gel of fibrin which is the major component of thrombus (i.e., human 
G-CSF stimulated the vascular endothelial cells to liberate PA, thereby 
producing enhanced fibrinolytic activity) ; and ' 

DEPR: 

(3) analysis of a thromboelastogram of a peripheral blood sample taken from 
Rhesus monkey administered continuously with human G-CSF revealed enhancement of 
the fibrinolytic activity of the animal. 

DEPR: 

It was therefore established that human G-CSF is capable of achieving a marked 
enhancement of fibrinolytic activity both in vitro and in vivo. 

DEPR: 

Polysorbate 20 (Tween 2 0. RTM. : polyoxyethylenesorbitan monolaurate) which is a 
nonionic surfactant was added to a 50 .mu.g/ml solution of the human G-CSF 
prepared and purified in Referential Example 1 in 10 mM phosphate buffer ( pH 7 ) 
so that the concentration of Polysorbate 20 . became 0.1 mg/ml . After adjusting 
the osmotic pressure to be the same as the of the physiological saline, the 
solution was filtered through a membrane filter having a pore size of 0.22 .mu.m 
to remove microorganisms, and charged into vials which had been sterilized. The 
vials were covered with sterilized rubber closures and then sealed with aluminum 
caps to give a liquid preparation for injection. The vials were stored in the 
dark at a temperature of lower than 10. degree. C. 

DEPR: 

Polysorbate 80 (Tween 80 . RTM .: polyoxyethylenesorbitan monolaurate) which is a 
nonionic surfactant was added to a 100 .mu.g/ml solution of the human G-CSF 
prepared and purified in Referential Example 2 ■ in 10 mM phosphate buffer ( pH 7 ) r 
so that the concentration of Polysorbate 80 became 0.1 mg/ml. After adjusting 
the osmotic pressure to be the same as the of the physiological saline, the 
solution was filtered through a membrane filter having a pore size of 0.22 .mu.m 
to remove microorganisms, and charged into vials which had been sterilized. The 
vials were covered with sterilized rubber closures and then sealed with aluminum 
caps to give a preparation for injection. The vials were stored in the dark at a 
temperature of lower than 10. degree. C. , 

DEPR: 

Polysorbate 20 (Tween 2 0 . RTM . : polyoxyethylenesorbitan monolaurate) which is a 
nonionic surfactant, HSA and mannitol were added to a 50 .mu.g/ml solution of 
the human G-CSF prepared and purified in Referential Example 1 in 10 mM 
phosphate buffer ( pH 7 ) so that the concentrations of Polysorbate 20, HSA and 
mannitol became 0.1 mg/ml, 10 mg/ml and 50 mg/ml, respectively. The solution was 
filtered through a membrane filter having a pore size of 0.22 .mu.m to remove 
microorganisms, and charged into vials which had been sterilized. The rubber 
closures are loosely fitted by the rubber insertion machine so that two gaps of 
the rubber closure are exposed to allow for the f reeze-drying process, and the 
charged solution was freeze dried. The vials were then sealed with the rubber 
closures and then with aluminum caps to give a freeze -dried preparation for 
injection. The preparation in the vials which can be stored at room temperature 
is used after reconstituting it with distilled water for injection. 

DEPR: 

Polysorbate 80 (Tween 80 . RTM . polyoxyethylenesorbitan monolaurate) which is a 
nonionic surfactant, gelatin, and mannitol were added to a 100 .mu.g/ml solution 
of the human G-CSF prepared and purified in Referential Example 2 in 10 mM 



6 of 8 



8/21/01 8:43 PM 



Record Display Form Wysiwyg://! 6^ttp://westbrs:8820^in/gat..x^ 



phosphate buffer ( pH 7 ) so that the concentrations of Polysorbate 80, gelation 
and mannitol became 0.1 mg/ml, 10 mg/ml and 50 mg/ml, respectively. The solution 
was filtered through a membrane filter having a pore size of 0.22 . mu.m to 
remove microorganisms, and charged into vials which had been sterilized. The 
rubber closures are loosely fitted by the rubber insertion machine so that two 
gaps of the rubber closure are exposed to allow for the freeze -drying process, 
and the charged solution was freeze dried. The vials were then sealed with the 
rubber closures and then with aluminum caps to give a freeze -dried preparation 
for injection. The preparation in the vials which can be stored at room 
temperature is used after reconstituting with distilled water for injection. 

DEPR: 

The thrombus control agent of the present invention which contains human G-CSF 
as an effective ingredient potentiates the ability of human vascular endothelial 
cells to produce PA, which ability is inherent in the human body, thereby 
converting the plasminogen blood to its activated form (plasmin) , which gives 
rise to fibrinolytic activity, with consequent dissolution of thrombi. Further, 
the number of neutrophiles increases as a result of G-CSF administration and 
they work in such a way as to promote the processing of lysed thrombi. These two 
actions combine to effectively dissolve and eliminate thrombi. Therefore, the 
present invention provides a useful thrombus control agent with reduced side 
effects. 

DEPC: 

Preparation of human G-CSF by cultivation of human G-CSF producing cells 
DEPC : 

Preparation of human G-CSF by the recombinant gene technology 
DEPC: 

G-CSF triggered enhancement of plasminogen activator (PA) production by bovine 
carotid arterial endothelial cells 

DEPC: • 

Promotion of the fibrinolytic activity of vascular endothelial cells by G-CSF 
DEPC: 

Enhancement of the fibrinolytic activity- of Rhesus monkey by contained 
administration of human G-CSF 

DEPU: 

(1) human G-CSF having the following physicochemical properties: 
DEPU: 

iv) amino acid sequence of the 21 residues from N-terminus; ##STR1## (2) human 
G-CSF containing either a polypeptide having the human granulocyte stimulating 
factor activity which is represented by all or part of the amino acid sequence 
shown below, or a glycoprotein having both said polypeptide and a sugar chain 
portion: 

DETL: 

TABLE 1 ' Intracellular and Extracellular 

PA Activities of Endothelial Cells Treated with Human G-CSF PA Activity 
(urokinase I .U . /10 . sup . 8 cells) Extracellular Treatment supernatant 

Intracellular . -Control 1.85 .+-. 0.45 2.59 

.+-. .1.29 G-CSF (50 ng/ml) 9.09 .+-. 1.08 9.40 .+-. 3.30 



CLPR: 

3. The method according to claim 1 or claim 2, wherein the composition is 
administered such that 0.1 .mu.g- 1,000 .mu.g of G-CSF is delivered to the mammal 
one to, seven times per week. 

CLPR:' 

4. The method according to claim 3, wherein the composition is administrated 
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such that 0.1 .mu.g-500 .mu.g of G-CSF is delivered to the mammal one to seven 
times per week. 

CLPR : ' 

5. The method according to claim 1 or claim 2, wherein the composition is 
administrated in a dose of 1 .mu.g- 10 .mu.g of G-CSF per kg of body weight. 

CLPR : 

8. The method according to claim 7 for control of venous and arterial thrombi by 
increasing fibrinolytic activity : wherein the . composition comprises about 50-100 
.mu.g/ml of human granulocyte colony stimulating factor in 10 mM phosphate 
buffer and about 0.1 mg/ml of a pharmaceutically acceptable nonionic 
surf actant : and wherein G-CSF enhances the production of plasminogen activator 
which is capable of activating the fibrinolytic system. 

CLPR: 

12. A method of increasing plasminogen activator activity in a mammal for 
dissolution of venous and arterial thrombi, comprising administering to the 
mammal a composition of purified human granulocyte colony stimulating factor 
( G-CSF ) in a pharmaceutically-acceptable medium; wherein the G-CSF in the 
composition is present in an amount sufficient to promote increased production 
of plasminogen activator activity to dissolve thrombi. 

CLPR: 

14. The method according to claim 12 or claim 13, wherein the composition is 
administered such that 0.1 .mu.g-1,000 .mu.g of G-CSF is delivered to the mammal 
one to seven times per week. 

CLPR : 

15. The method according to claim 14, wherein the composition is administrated 
such that 0.1 .mu.g-500 .mu.g of G-CSF is delivered to the mammal one to seven 
times per week. 

CLPR: 

16. The method according to claim 12 or claim 13, wherein the composition is 
administrated in a dose of 1 .mu.g- 10 .mu.g of G-CSF per kg of body weight. 

CLPV : 

(a) providing a composition comprising purified human granulocyte colony 
stimulating factor ( G-CSF ) in a pharmaceutically-acceptable medium; and 

CLPV: 

(b) administering the composition to the mammal : wherein the G-CSF is present in 
the composition in an amount sufficient to increase the production of 
plasminogen activator activity in the blood so as to lyse fibrin and dissolve 
thrombi . 

CLPV: 

(a) providing a composition comprising purified human granulocyte colony 
stimulating factor ( G-CSF ) in a pharmaceutically-acceptable medium; and 

CLPV: 

(b) administering the composition to the mammal : wherein the G-CSF is present in 
the composition in an amount sufficient to increase the production of ■ 
plasminogen activator activity in the blood, thereby increasing fibrinolytic 
activity . 
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